Gastric stump cancer (GSC) is an entity described in the literature as early as the 1920s. Along the years the clinicopathological characteristic had changed. At the moment, there are no wellestablished guidelines regarding the optimal treatment. We conducted a literature review of the studies published from 2014 to 2019 using the PubMed database. After searching the PubMed database for the keywords: "gastric remnant cancer" AND "stump" AND "neoplasm" we identified 167 articles. Of these, 25 studies were considered relevant. GSC develops after 2 years from the primary intervention for malignancy and after 20 years for benign lesions. The development mechanisms vary depending on the type of primary gastric lesions. GSC is considered a unique clinicopathological entity. The pattern of lymphatic drainage is different in comparison to primary gastric neoplasm. Thus, an important negative prognostic factor is considered to be the N group of TNM staging. More studies are required to improve the understanding of development mechanisms and evolution of this pathology. Survival after gastric cancer has increased and it is possible to observe an increased percentage of patients who achieve the 5-year survival interval after surgery. Currently, there are no guidelines to select the optimal treatment with regards to surgery or chemotherapy as pathology is rare and studies which investigate the evolution and prognosis lack a significant cohort of patients. Therefore, the existent data is not substantial enough to elaborate guidelines that would define a standard surgical treatment.
Introduction
The first case of gastric stump cancer (GSC) after a partial gastrectomy was first described by Balfour in 1922 . GSC is defined as a neoplasm that develops at the level of the gastric stump, after partial gastric resections conducted for malignant or benign pathology [1] . Although initially this pathology was viewed as a relapse of a primary gastric malignancy, nowadays, it is regarded as a distinct clinicopathological entity with specific treatment and etiology [2] .
The prevalence of GSC is low and ranges between 1%-3% of all gastric resections [3] . Frequently, GSC develops after distal gastrectomy performed for malignant tumors [4] . An influential role for this characteristic is attributed to the chronic treatment with proton pump inhibitors and anti-H2 therapy, which have led to a significant decline of surgical procedures for benign lesions [5] . Due to a lack of symptoms GSC is diagnosed in an advanced stage when few treatment resources are available and has a low resectability rate and a poor prognosis. The surgical treatment in these is prone to increased morbidity and mortality compared to the index intervention. This results from the modified local anatomy, changes of lymphatic drainage and postoperative adhesions. Also, these patients frequently received chemotherapy and/or radiotherapy for the primary tumor which impacts the nutrition status and overall ability cope with another surgical intervention.
The aim of our study was to evaluate the current knowledge published during the last 5 years with regards to the etiology of GSC, treatment and prognosis. Trends in benign gastric resection have shifted from perforated ulcers which are now mainly treated by proton pump inhibitors to bariatric surgery which frequently implies different types of partial gastric resections which leave in place stumps exposed to develop tumors.
Materials and Methods
We conducted a literature review to identify the published articles between 2014 and 2019, which studied GSC. We assessed the abstract and full text of all relevant articles. The investigated variables were: number of patients included, clinical and demographic information, TNM staging, types of surgical interventions and outcomes.
The research was performed using the words "gastric remnant cancer" AND "stump" AND "neoplasm". We identified 167 studies, from which 42 were written in the English language and included. After filtering the articles that analyzed the clinicopathologic characteristics of GSC 30 studies were selected. Of these 3 papers were not compatible with the subject and 2 papers had only the abstract published. After this evaluation 25 were used for our analysis. The P.I.C.O.S concept (patient, intervention, comparator, outcome, study type) was used to structure the questions and the research topic as to attain clinical validity. The results of the search were filtered following the PRISMA checklist (Preferred Reporting Items for Reviews and Meta-Analysis) ( Figure 1 ). We used the standard recommendation of two independent readers who performed the selection and subsequent extraction process. 
Results and Discussions
GSC is typically identified after 2 years from the surgical intervention which implied partial resection of the stomach due to a malignant tumor. Cancer development in the gastric stump after benign surgery has an increased latency of up to 20 years as reported by Lagergen et al. and Lee et al. [6] [7] . Such a substantial difference in time between benign and malignant up to 18 years is due to the fact that precancerous microscopic lesions which have led to the development of the primary tumor are already present in the neoplastic stomach such as intestinal metaplasia or atrophic gastritis [8] . These cellular abnormalities develop at distance from the tumor and usually are not included in the resected specimen [8] . Also, the follow-up protocol is more rigorous after malignant lesions than benign lesions and allows early identification [8] . Some studies advocate that the immunologic response which develops from the surgical stress or associated with infection may maintain viable residual tumoral cells, which results in neoplasia recurrence [9] [10] .
After the development of anti-secretory molecules for gastro-duodenal ulcers, the number of gastrectomies for benign pathologies has markedly diminished, but the incidence of GCS did not decrease, as a result of the long period of carcinogenesis of up to 20 years [11] [12] .
Regarding the etiology of GSC, important anatomical and physiological modifications occur after partial gastrectomies, the mucosa is exposed for a prolonged interval of time to biliary reflux. The increase of the gastric pH, especially at the anastomotic site is considered a crucial factor for chronic gastric inflammation which in time leads to metaplasia and eventually cancer [13] .
Nowadays, the sedentary lifestyle and unhealthy eating-habits had produced an increased incidence of obesity to the point that is has become a global health problem, with an incidence reaching even 30% in western countries. This has led to a significant rise in bariatric procedures which frequently imply the partial resection of the stomach. In 2019, Tornese et al. conducted a systematic literature review and identified 17 cases of GSC after gastric bypass with Roux-en-Y [14] .
The study published by Ohashi et al. revealed that in 50 patients with GSC after partial gastrectomies due to benign and malignant lesions, only 3 cases were located at the level of the gastric suture, 43 cases at distance from the suture sites and 4 cases in which the tumor involved the entire remaining stomach [15] . The same author mentions that the development of the neoplasia at the level of the suture site has a worse prognosis, but this theory is still a debatable subject since other authors assert the contrary [3] [16][17] [18] .
The main route of dissemination of GSC as for the primary gastric tumor is lymphatic. Surgical intervention varies accordingly to the type of gastrectomy previously performed and tumor histopathologic characteristics which frequently impose an extended lymphadenectomy. One must take into account that the postoperative anatomical variations lead to a change of the normal lymphatic drainage pattern which is mostly directed to the ganglia of the splenic artery and hilum [19] [20] [21] . The article published by Iguchi et al. demonstrated that after Billroth II gastrojejunostomy during index surgery, lymph node metastases can be found as far as the jejunal mesentery. Therefore, the author mentions that jejunal mesentery lymphadenectomy for GSC is mandatory [22] . This recommendation is open to debate due to the important morbidity it implies. J. Lu et al. published an article in 2014 which reported that the most important factors of prognosis for GSC independent of the surgery performed are the TNM stage and the N group stage [23] [24] .
The retrospective study conducted by Takahashi et al. published in 2019, which included 122 patients from a period of 40 years showed that postoperative morbidity may reach 18.9%. Anastomosis fistula was the most frequent encountered complication [25] . An incriminating factor may have been the neoplastic status of patients which frequently leads to increased consumptions syndromes and denutrition. Preoperative evaluation and proper nutrition status are mandatory for these high-risk patients.
Advances in postoperative follow-up programs have led to an increased rate of diagnosis in early stages of GSC. This, in turn, has to lead to an increased rate of respectability of these tumors which has increased the 5-year overall survival rate. An important role for this rise is attributed to the progress of chemotherapy and especially to immunotherapy [26] [27] .
Conclusion
More studies are required to better understand the mechanism of development and the evolution of GSC. The published articles were conducted on a small number of patients; thus, the information is not yet enough to elaborate clear guidelines for the treatment of GSC. With these aspects in mind, an increase in the 5-year overall survival rate has been observed, which has been attributed to improved follow-up after index surgery, enhanced imagistics and diagnosis at an early stage. For the future, we need to observe closely the impact that bariatric surgery has on the incidence of gastric cancer as the world population continues the increasing trend of obesity.
